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THEHI.M.  DECO!iPOSITIOW  OF  jiXFLOSITES  BELOVs  TIE  mTlNO  POINT 

is  a  translation  of  an  article  witten  by  G.  B«  Iknelis 
and  F.  I*  Dobovitskiy  in  Dolclady  Akademii  Natik  SSSR  (Reports  of  the 
Acadeny  of  Sciences  USSR),  Vol.  XXVI,  No.  4,  1959 ,J7 

(Presented  academician  V.  H,  Kondrat’yev,  16  January  1969.) 

Upon  inyesti lotion  of  the  tliermal  decomposition  of  tetryl  belov 
the  meltinc;  point  Farmer^  showed  that  the  condensed  products  of- the 
decomposition  inaction  of  tetryl  dissolve  it.  Then  Hinshelwood*^  dev¬ 
eloped  a  mathematical  analysis  for  a  decomposition  reaction  taking 
into, account  the  appearance  of  a  liquid  phase  in  the  process  of  de¬ 
composition.  However,  in  deriving  the  equation,  Hinshelwood  made 
essvanptions  which  mutually  excluded  one  another.  Thus,  calcul8.ting 
the  ratio  of  the  solid  and  the  liquid  phases  in  the  decomposition  pro¬ 
cess,  be  assumed  (accordin<r  to  Raoul t’s  law)  that  at  co&stant  tempera¬ 
ture  the  concentraticriS  of  material  in  Ihe  liquid  phase,  being  in 
e qxii librium  v;ith  the  solid  phase,  are  constant.  Also,  calculating  the 
concentration  of  cataljrst  in  the  liquid  phase,  Hinshelwood  assumed  it 
to  be  proportional  to  the  degree  of  transformation,  . 

Considerably  later  Bavm^  examined  decompositions  of  organic  ex¬ 
plosives  vrith  "melting  under  the  n»lting  point  in  the  process  of  liie 
reaction"  in  ihe  simplest  case  of  two  monomolecular  reactions. 

In  the  present  work  various  cases  of  decomposition  of  solid  ex¬ 
plosives  takintr  into  account  the  appearance  of  a  liquid  phase  are  con¬ 
sidered,  In  the  following  it  has  been  assumed  in  every  instance  that 
the  original  explosive  dissolves  in  the  reaction  prodxxcts  and  that  the 
thermodynamic  equilibrium  betvreen  ihe  solid  and  the  liquid  phases  is 
successfully  established.  Consequently,  liie  r®.tio  of  concentre. ti on  of 
the  original  substance  Cg  to  the  products  of  the  reaction  in  ihe 

L  L 

C,  s 

temperature  and  is  not  dependent  on  tiie  degree  of  transformation  up  to 
the  moment  of  disappearance  of  the  solid  phase. 

The  degree  of  transformation  is  equal  to 


/  Aj^  is  a  constant  value  at  a  constant 


liquid  phase  a  r  Cg  / 


Under  the  condition  that  the  density  of  the  reaction  products 
is  little  different  from  the  density  of  ihe  original  substance  one  can 
write  A  z  Bn  (1  -i*),  where  1*  r  ^initial  -  "final 

' a  initial 

(the  degree  of  chan^-e  in  volxane  at  comrilete  decomposition)!  B^  -  init¬ 
ial  quantity  of  explosive j  A-  .  the  total  quantity  of  condensed  react¬ 
ion  products.  The  quantitg  B  in  liie  solid  phase  is  Bg  s  B  -  Bj^, 


1 


Up  to  the  Eomant  of  complete  solution  A  a  (1  -{*)y(T 

=  Bo  a(l  Bg  =  (1  -’i)  -  a(l  -  I*)  1 

If  in  the  solid  and  the  liquid  phases  the  decomposition  reaction 
proceeds  according  to  a  first  order  eqaetion  then  the  overall  rate  is 
Aaflaed  by  the  following  expression 

where  and  are  the  voluioes  of  the  solid  and  the  liquid  phases 

/■*7.  respectively* 

The  depead®aoe  of  the  rat©  on  the  degree  of  transformation  is 
given  by  the  expression 


*!L 

df 


*1  ( I  —  y,)  —  Ai«  ( I  —  ja)  y,  -f  /tjC  ( I  —  ft)  Tj  — 
-Mo  ( 1  ~  ft)  (*a  —  *i)  —  fell  ij. 


dr, 


Defining  a(l  -p.)  (kg  -  k^)  -  s  we  obtain  -f- fem  Vi- 


At  8(1  -p  )  (kg  -  kj^)  >  and  kg  >  k^^  the  overall  reaction  rate 

will  increase  proportionally  to  •Hie  degree  of  •tarans formation  up  to  Hie 
moment  of  complete  solution  of  -the  origiml  substance  in  the  reaction 
products.  After  the  moment  of  complete  solution  Hie  reaction  will  pro¬ 
ceed  according  to  Hie  ordinary  first  order  equation 

^=.fe,(l-v,). 

The  solid  phase  disappears  -vaien  the  degree  of  -transformtion  is 

B,.  =0  =  So(l--V)-5oC(l -{*)<•  V=  ^ 

At  ■this  moment  k,  +  k  r  k„  (1  »  ''J^)* 

X  jn  w 

Equation  (la)  upon  inbegration  gives  fem/ 


a(l— •»  +i  ’ 
*1  + 


In 

Kinetic  curves  calculated  according  to  equation  (3)  have  a 
clearly  expiressed  S  -  shaped  form  (at  "iiie  •ro.lue  a(l  -n)  (kg  -  k2^)>k|j^). 

The  curve  for  the  dependence  of  the  rate  on  the  degree  of  -trans¬ 
formation  possesses  a  characteristic  appearance  -when  calculated  accord¬ 
ing  to  equation  (1)  and  to  the  classical  equation  of  a  first  order  re¬ 
action  (Pig,  1,) 


Figs  1#  iJependeno©  of  reaction  rate  on  the 
do^^ree  of  tmnsforrration  calculated  accord- 
in?'  to  equation  (1),  when  ::  1,  k^.r  100, 

Pararieter  a  equals  20  for  I,  10  for 
II,  and  5  for  III*  Ih©  str«xif,ht  line  lY  is 
drami  according  to  the  equation  of  a  first- 
order  reaction* 

l:iStxi2na2n  rat©  is  atiainad  in  this  case  at  the  point  of  complete 
solution,  r  t 

In  a  Case  in  Yrhioh  iii©  condensed  decomposition  products  can  act 
as  catalysts,  the  expression  for  the  overall  rate  of  reaction  must  be 
Witten  as  f  oiloro  :  , 

d(  di 

—  kiBjji  *4^  k^Byii  *4“ 

C,  -  the  couoeritration  of  catalyst  in  the  liduid  phase;  C*  r  (xA/t  ; 

'"'L  ~  L  ^ 

*-  fraction  of  catal;ir3t  in  the  condensed  reaction  products | 

iv  Bm  ■  A  -  4  (1  •  a).  Ca^  =  . 

Thus,  the  rate  of  reaction  vip  to  the  moment  of  complete  solution 
in  the  case  of  catalysis  by  the  condensed  end  products  is  defined  by 
the  expression  . 

y  *1 [M(I -!*)+  -— »i]v 

-  Quantity,  dependent  only  on  the  temperature  and  constant  in  tiie 

decomposition  process  Tdien  t  :  const*  Consequently,  even  in  "ftie  case 
of  catalysis  by  the  condensed  end  products  one  obtains  an  expression 
analoirous  to  eqmtion  (l)  for  a  reaction  proceeding  according,  to  the 
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2,  Depeiidenoo  of  reaction  rate  on  tlie  dsf'ree 
of  transforrAtion  oaiculated  according  to  equation 
(4),  -sdien  kj  r  1;  kg  Z  20,  kgar  100,  Z  o#9.  Par«- 
iceter  a  is  eqml  to  20  for  5  for  II,  2  fear  III, 
end  1 -for  Curve  V  is  dra^vn  according  to  equa¬ 

tion  (5)  for  the  reaction  in  ihe  liquid  phase. 
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Fig»  3,  Dependence  of  reaction  rats  on  the  degree 


of  trensf orjnetion  calculated  aocosrding  to  equation 
(6),  -when  k,  c  1,  kg  r  100, V'  ='o.9,  a  =  10,  ‘  Ratio 
v  Bq  for  the  straight  lines  I,  II,  III,  and  W  is 
eqml  to  0,  0«ol,  0*025,  and  0*050,  respectively* 
The  straidxt  line  V  is  draira  accordinr:  to  ihe  equa¬ 
tion  for  a  first  order  reaction* 
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.  Equation  (4a)  dii'fers  from  (la)  only  in  trie  value  of 

After  the,  moment  of  complete  solution,  which  occurs  ishen 
■’i  1  e  1  ,  the  process  of  decomposition  obeys  tiio  equation 

a(  1  ~  V  ^ 

obtained  earlier  *  for  the  case  of  autocatalyzed  decomposition  of 
liquid  explosives  under  conditions  in  Tdiich  ihe  volume  of  the  condensed 
phase  is  variable;  ^ 

$  =  *s(l  —  T|)  +  *.»(I  —  • 


if  1  —  ur 


The  dependence  of  reaction  rate  on  -^e  degree  of  transformation 
calculated  according  to  eouations  (4)  and  (5)  is  represented  in  Fig*  2. 

It  is  evident  from  ^e  dia'gram  tiiat  the  maximum  reaction  ra*fc8  can  lie 
at  ttie  point  of  complete  solution  of  the  original  substance  or  later  as 
the  reaction  proceeds  eveix  in  absence  of  the  solid  phase* 

It  is  vei*y  interesting  to  note  the  influence  of  iigpurities ,  even 
chemically  inert,  which  can  increase  the  rate  of  decoroposiidon  of  tee' 
explosive  by  transforming  part  of  it  into  the  liquid  phase  (in  a  case, 
in  which  the  eutectic  temperature  of  the  system  original  explosive  - 
inert  impurity  lies  belovr  tee  experimental  temperatureTT  **‘*^^°.  • 
d'ecoiiipos i ti on  even  in  this  case  will  .be  ecual  to  the  sum  of  the  rates 
in  the  solid  and  in  the  liquid  phases  (in  tee  solid  and  in  the  li^id 
phase  monomole oular  reactions  t^e  place) 

W'  “f'  ”  ^1®TB  "f*  • 

T  -  inert  impurity; 

~  A  ~:r  T,  i4  =  Bo(^ 

Bm  =  —  !*)<*'»(  *f  Ta,  B-n  —  —  B^\  S<,(1  ^)or^  Ta,\ 

where  a  r  \  (solubility  of  substance  E  in  T  and  in  mixtures 

“TTlf - 

A  ►  T  is  coastent)* 

The  reaction  rate  as  a  function  of  the  degree  of  transf otmatioa 
can  be  written  in  the  following  manners  ,  v  1. 1 

+  (fc  _  W  i  o 

at 

Thus,  even  in  this  case  the  deooB^osition  x*ate  is  directly  prO“ 
pcrtional  to  tee  degree  of  transformation  up  to  the  moment  of  complete 
solvitlcn,  after  which  it  falls  according  to  the  first  order  law,  but 
the  initial  rate  is  directly  proportional  to  the  quantity  of  impurities 
or  admixtures  and  the  solubility* of  the  original  e3:plosive  in  it 
(Fig,  3#), 

In  a  case  in  which  the  solubilities  of  the  explosive  in  tee  inert 
impurity  and  in  tee  reaction  products  are  different  oxw  can  easily  ob¬ 
tain  a  suitable  relationship  for  tee  solubiliiy  froBV  the  coBq)osition  of 
the  system  and  use  it  vrhen  deriving  equation  (6), 

At  tee  point  of  complete  solution  of  the  ori.ginal  substance  in 
the  reaction  products  the  solid  phase  disappears  and  the  law  for  tee  re- 


S 


action  process  changes#  It  is  known  that  for  an  ideal  system 


Tiiere  2T  -  mole  fraction  of  the  dissolved  substanoei  X  -  heat  of 
fusioni  Tp^  malting  poifiit  J  temperature |  T  -  experimental  taiiw 
perature*'  Consequently^  on  basis  of  equation  (2)  the  degree  of  traa0i» 
formation,  at  which  the  complete  solution  takes  place,  is  deoreased  by 
increasing  the  temperature  according  to  the  followiiig  lair 


1  — AT 
1  *—  y.N 


fiV  J 


Thus,  assumins’  the  ests-blishment  of  thermodyMUBie  equilibrium 
between  the  solid  and  the  liquid  phases  in  the  deocmposing  explosive  - 
reaction  products  system,  we  were  successful  in  obte.ining  equations 
fundamentally  describing  the  phenomena  observed  in  the  thermal  decom¬ 
position  of  explosives  at  a  temperature  below  the  melting  point* 

It  is  necessary  to  bear  in  mind  that  in  real  systems  one  can 
observe  more  coranlex  cases  linked  with  the  complex  mechanism  of  the 
chemical  reaction  of  decanposition.  However,  it  is  always  necessary 
to  examine  possibilities  of  progressive  solution  of  the  original 
explosive  in  the  reaction  products  with  a  corresponding  change  in  laws 
of  kinetics  for  the  reaction  process* 
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